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Abstract of JP2003059265 

PROBLEM TO BE SOLVED: To provide a means 
to hide the refresh operation of a memory using a 
DRAM comprising a cache memory and a 
plurality of banks even when the data width of a 
cache line is different from an external data bus 
width. SOLUTION: The semiconductor device is 
provided with a plurality of memory banks BANK 
0 to BANK 127 each having a plurality of memory 
cells, and a cache memory CACHEMEM for 
holding information on the memory banks. The 
cache memory CACHEMEM has a plurality of 
entries. Each of entry has a data part DATAMEM 
and a tag part TAGMEM. The data part 
DATAMEM has a plurality of sublines DATA 0 to 
DATA 3. The tag part TAGMEM has a plurality of 
valid bits V0 to V3 and a plurality of dirty bits DO 
to D3. Accordingly, a convenient memory in 
which external access is not delayed by the 
refresh operation is achieved. That is, the 
memory hides the refresh operation and has a 
compatibility with an SRAM. 
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fcVNT/<y y Ktfy hriHry h **fCV^5**W^"*. 
H-pT^t^Ot^^^O^!) y Kt'y h^i? 
y K$4xT*Je>-fgifa©x— y 
•>^^ cost fix r- y T^siosiciitf,, Jfty^i^*!) 
CACHEMEMl-BfraWx"- ^ L ft Vv£>T\ f®f- ^ 
trDRAMTWDRAMARY^fey — K-t-S^g^fet), !) - 
K Lfcx — ^(i^r Y y v'a.^^e y CACHEMEMtCX^ y^ir 
sy4Y-t%> a Z<Dk%m— ^ybVizis^X, /<V y 
Klf y h^-fey h, /5>oy*-yV fy h^-fey h §tlT 
V ^5 f-y 7 tty x y fLftV V ft-tf ft &M 
Ef-? fiftff^X-^ U , DRAMT l^^T DRAMARY^ 

'O'C^f-f tfy h^y-fey hL(^xy7°S106), ^< 
y y Kt'y hSr-fey M*T y7"S107), DRAMTWDRAM 
ARY^fj y — KLfcx— y*£r y 2^7- b^x?\zlR&1- 
5(^xy^Sl04) o 

[0021] r K^*- SLfehfcW, *yyy° 

y*-x^T*fcS7)^J^-rs o rcot^MIB^Yy v-^y 

— y-£DRAMTWDRAMARY/5»e>y-KU ^r^^ 
^E-y (CXiyx^-^y-Y h-t-^Uxy7°S109) o -Jj, 
&m Lfc^r^ y v-a y 4 >ft ic y*-y -f ^ 

JWf— 9*:y<i b><vV-!rZ> (^xy7°S110) s $ 
S> ^B\M.(Dy—9 trDRAMT DRAMARY^)^ h 7i y x^" 
M*xy7"Sl09)1-3 o •?-©m^xy7 p Slll(cjo 
^ tf y H y -fe y h y y K tfy h ^rir y 
b(y-y-y 7°S107) % DRAMT U-f DRAMARY^ b V — K tfc 
x-^^y h-7^^(cte^-r5(^xy7 , 'Sl04) <> 

■7yaS7«i^ 

y-KTy-fey, *^s/->a5^m^, TK^o 
Jt«(^xy^Sl0l)*t?fi, HffSfiwy- KTyiry, # 
tx^tyhtPi-cfeS. r rT-^gPT KuyADD 

[16:0](C*3^T, JdiLT K l/y ADD[16: 10] = (0000l00) , 
tp&T KUyADD[9:2]=(00000001) N Ti±T RU-yADD 
[i:0]=(ll)7)SA^$^i1-5„ 0^19 ±{4T 
(^y77KMlf 4" , ^^hyii" 1" , #Bg-f2> 
t^^TK^ti" 3" x >"DATA3-efc-5o 
03(a) (CjoV^T, h y l(7)^y"T K l^yTAGti" 4" 

oTJtK^CMPttT Kuy-iScmf-MATCHSr/N-f (c Ky-t* 
y-fSo L^Lf-^y-YVDATAStD^y y Kfy hV3fi 

-yCACHECTUi^rY y i/ Z2. z. XbWfe-t&o 
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I0 0 2 2J y i/=L a V V P -7CACHECTL(i ]} — K 

— *-fel^ hm-f-DSEL^n-Xc K^'fT'U ^>^fa 

— ^BANKDECfCA^Ji-So ±{4T Kt--*ADD[16: 10]fi/^ 
^^x'^-^BANKDEC^ioTx^-K^K ;**yy 

— Ky Mf-$§-MRRQ[127:0]£ YJ-iT'ir -5 C 
T'fi±f4T Kl/^ADD[l6:10]=(0000100)^7=f 3 — YZfo 

f-f&V- K-f ^^(Cfi^iT Kl-^ADD[9:2]^jffl 
-f<5o 1-*t?*>«ffi£T Kl/^ADD[9:2]»^ ADD[9:4] 10 
fin?r Kl^^63~0CO#^,{c:flJfflL, ADD[3:2]f±#7 

F, G, H<m28fc> h»x-*/J5y-K£tl,.5 0 y-K£ 
ixfc-r-^ firt^r^-^^DbC^O] SrgS Ltv;i/ 

£\ 7*—* -feu* hff^-DSELfio^^Ky-l'^Stv-C^ 
SO-eftgBx-* /^Db[127:0]#SiHR£tu T&T K 
1/ * ADD [ 1 : 0] = ( 1 1 ) (' J; o Xffi M<D7 '~ i? Xh -5 E^fl-gfl 
X-^*EDATA[3l:0]Kltii7J$*t.5„ — ^/<^^4^^ 20 
W7j£;ftfcx~*ttfeI^*SEL£i&S U x-^* 
y DATAMEMiCATj £tl5 0 ^fty-y-inyh n— 7 CACHE 
CTUiy- KT^'t^^-yv'a 5^tW^LT^5© 
T\ ^-t y i/r.. b Y ^— tZ/Mf -^CWE£W (c Ky 

-Y^L, DRAMTWDRAMARY^^y-KLfcx-^^7 
* y^f-fr-y^-i M"2)o ^Tt^iryv-a-ri^ h o — 7CA 
CHECTLtt, Mf-S§-TW£vM'(CK7-l':/LT, ± 

<4T KU^ADD[16:10]^r^^^^yTAGMEM{C7-r h-f 
5. T-i!frj£«iI 9 , V-t- J\?yb fr± y h £ flX 
^^^y^y^-iy^y^yy^ h LTf±&ib& 30 
V\, 03(a) {Cfe^T^yT^-^y-Y hcD*t 

MiXhZ>*^y i/^y-iVWcte^ N N 0, PtV>5^ff© 
x-^^fe-rS^-CfeSo Lfc^oT^^^^^y 
-KLfcE, F, G x H<Do ib^-^F, G, HIJ7xyft 
vy^ hUi^, ■Z<Dtcib! l c*c^ y i/=uny hn — ?ca 
CHECTL^ 5> © 3f ^ r> a x~ ? Mftfff ^CDSIG [3 : 0] <75K 

i£ffi^-&fflt\ 7^.7^7^ Mr^tf-f-So Hj- 
^ayhB-y CACHECTLti Ic^yi/a^XkWfeLit 
T7±7.ftM<D* J r yi/x-y^yplc^^X^V y 
K \f v h ^ir y h , 7o>o y-T 4 if ?h#t?F, £ 5> 40 
{CT K^— &fI^-MATCH#W Kl K7-T:/$tl/0^ 
it^-fc^-ir y v-^-r-^$iJWf^-CDSlG[3:o]*/^ £ K 

T, CDSIG[3:0] = (0111)iS|iJ^$4i5(t> LT FUXtf* 
— §fc, 1"&:b*>T K^- ftff -^MATCH^a <?ic 
^Stlfcftfetf (0000)Srm^j-t-5) o L« 0 t7iy 

7-Y>-DATA3tD^.7^^^^-^7^ h^Uff-TSo W± 
^7K^-S, If '7*9-1' y7~--$ , M%l<DW>u-<D y — K 
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(2-2) T K^^F— yi^i 

02(a) CO*X;y:/S101{;::iol^TT K U-*Jfctfc£fT o fcS 

[0 0 2 3] $.-f?-7j \fy h^S-fe y h 

-y isfr^m-Br^^xmm-tz, m^mur 

ADD[l6:0](CdoV^T, ±fiT KU*ADD[16: 10]=(000100 
0), $>{tiT K^^ADD[9:2] = (00000010), ffi/K^A 

(/<^7KW)tt" 8" v xyh!J|4" 2" , #BSi-§ 
t^-fyTKl/^lf 3" , D-7 , '7'l'>-DATA3Tfc5„ 
03(a) IC&^T, ^> h y2(Df-^7-Y VDATA3~DATA0 

<DW&Vzf 74 y\Z ?~-*r 4 t£=f- *^y *s=l 
7<< V-kX*: 7 xyfty? A Y-fZ>{*7y7°Sm) a 
^yhV2<D?y*T KU-*TAGf±4t?*>*K A77$tlfc± 
{4T K ^ t fiH* 5 ©-CttlHBaiPttT K ~&ff 

^ey \z.tt./<-y-74(r>'f— ^^#S-f50-C, ^t-y^ 
3^ h D — ?CACHECTLf±** y^^tfl^U 

^•feu^ hft-^-DSEL^D Ky^y-r-So '^^73 

— ^'BANKDECfi-' ^ V ^ 8 §r L , Q, R, S, T0D128t:"5/ 
h cor — if ifi y — K $ ti-?>v=f-7° v y ? -y-MUXtrii LT 
gfaof-^ Q^/^E0ATA[31 :0] I'lH^ - 

%'<y78frbm?]&tiit'f~-i'it-z\/7 *sELZm& 

U X— ??>-^VDkTtJmmcAjj&tl7^y^j->-74 
#-Yy^aX*-^fW*Pfi-§<a)SIG[3:0]f±^— x-f h 
^— fSc?fc<7)TCDSIG[3:0]=(0OOO) ^tti7J-f-50T\ -t(D 

5. 

[0 0 2 4] iWc^f^4t77'f^fe5§A Co 

±{4T ADD [16: 10] -(0001000), tp&TFUX 

ADD[9:2]=(11111111), TitT K^ADD[l:0] = (ll)^A 
73$ttfct-r5 0 15 ±{4T b*U7.(/iy7T Yux) 
it" 8" , ^>bVlt" 255" , ^■rSf-^'T^TK 
U^fi" 3" , f-yy^^DATA3T-fe6„ ^rt'03(a)t 
h y 255C0^ i/T YU7UGmXh <9 , A 
7: $ ftfch&T K t ttR* 5 ©Tf Jt«lE«cyp«:r K 
U-^-ffem^-MATCHSrn -7^ K7-f ^i"5o "f J&*3*>^ 

if-tyi/aay hn-yCACHECTUi^i-y 5^i^J 

hy255(C(i^-r^ try h ^S-fey h^tifc-y- 

t - 1/ V S^SrWH* Z>tcl£)-tl<b<D7*-i? ^rDRAMT 
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DRAMARYfdy-l' b^y^-T ^Z.X"*^v 
is*.=iy hn-yCACHECTLfi^^-i; yj bJ^-VMt 
^-MWE£^-nc Ky-T^L, yi/^y^ b4*~Z? 

tl3 y y"T K l/^TAGfi, /< V7 r a — ^BANKDEC{C A/J 
$tt5-f b^yy-f S/^ySriitR-f -5,, 
f4, /^^4^^^ K/<yy##ttfV<^y-t*fc5„ — # 
7-f f^yy-f^y— *{4, x— ^^^E-yDATAMEM^Pj 
rtaiJ5*-^^Da[l27:0]SrfiSUTai*$*l5 e L7)> 10 

h ])255(D^\ yv'^.y^ Vf(Cf4, /<y y Ktf 
y h3H?y h$*lTV*^*%&7*~£#£3^£fc 

a-y CACHECTU4 * * y y- y SJPff -f-MDSIG [3:0]= (00 
lDtr^^^ey ay hn— yMCTUcA^L, y4 b'<y 

y-fVy-yY, Z©#.&y-f h^yy-fS,, 
[0025] m^<y^8^>>h<D y - K*KWi-5. o 

7 1£ K7^T 7* £ tlfcy- y -fe U y h ft *>SEL i ±.{tiT K 20 
W^.ADD[l6:lO] tiot, ^ >- y x =» — y*BANKDECf4/ < 
^^8SrS#iL, I, J, K, L©128tf y h©f-^iSy- 

gS/<^EDATA[31:0]{CttJ7j§tt5 o 

Lfc'^y \Clt s * * y T-fMMiB ^-MDSIG[3:0] 

TW{CL-CA^-t-S«t5^i-S. r©±5ftlW#P 

**SEL$rfifcU y — ^ ^ * y DATAMEMfC A73 £ fty ;n 
5'^Vy-r h^Uff^ttS,, T Kl"*j&SF— *fc©T 30 

>^7— yff#CDSIGi4CDSIG[3:0]=(0000) ££B7J 
U *©E(Etf&-5§-tt(llll)t>5:3. Lft«Sot^-COt 
■fy^i'ftyx.yf-itsri/yj Z<DMX 

(4, -nV h 1)2550** yi/^y 4 J, K, L^y 

[0026] £Lh#y-KT ******* 
ft 5 "?**. i^5;y©i§-g\ 3rS©7*— 

5/ ^ ^ y CACHEMEM(C1#?£ t^^OT*, DRAM7 W DR 
AMARYtCT^i?X»£1-5 0 ±15©0iJ-Cf4, ^y4i 
^V^8{cy-KiL<(4y>l' bT?±xtf&Z5 e L 40 
fc^ot^i/^4i:/<>'^8^^co^:T«o^>'^f4^ ; ey 

3 >- h d - ^MCTLiC 4 o T y y U y i/ a. BfMXh 6 0 

©/< y y ic 7 y ir y # ft v * T KMft* tc 4 o it H# ^ 
fHtifcf<fcV\, ^h\^UT^±^t y y \syi/s.Wift 
&mmz.%£.Ltcm&l*. =>>-bP-yMCTLlc:.fc 
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02(b) tC&I^T, RFDRAMiCy-Y KT^-fe^aSgjfc^ftfc 
*S\ y-KT^-fe^Bfi^iCdr-r-yv'^^^yCACH 
EMEM© $ y*T bUXUGt. *J.«5ji»P>A2j£;flfc7 KU 
Xk<Dttm&fto (S201) o JfctfcLfcT KU^tf— ftLfc 
y-Y hT^ir7.T'i4-y-y'y^><D/<y y Ktfy h 

{c^-r s/y°S202{e:*3V''-Cf-y*y-f ^/5^<y y KT'fc-S^ 
«f L, ^<y y KT?*>54e>« J &rof-y*y-i'^W^— x 
-f ify b&±y h L(^yyy°S203), df-v y v-a^y 
CACHEMEMtd y hSrHfTl--5„ y y B S202t*5V^ 

T, f-y*y-r^©/<y y Kf"y h^S-fey hS^TV^jJV^ 

^(D-^-fy-iyn^) y Kfy h ^ir y h (* 
y y y°S205) Hfll(C^-x^ fcTy hnyh (S2 

03) , 3r -Y y v'a ^ ^ y CACHEMEMtC 7 h (S204) % Hff 

Bii&rfig3-e»iNHJiRWi-s. 

[0 0 2 7] *Mffc6»e>7-r 
-a", Kl^^^EADDR[16:0]^6>T K^^A^J 

^95y— ^^^EDATA[3l:0]ii»?>y-f bf—Zft 
A7J$tL^„ SfcT Kl--yy h-n-y'ff^-ADS#(4n>7(c 
Ky^y~£tk y^f h^^-y'/Hf ^-WE#(4n (7^ Ky 
-<y*$tt5 0 df^y hn— 7CACHECTU4T 

yy ha-ym^-ADSS, y-Y h-f^-yvHf ^re#d»f> 
y-T hr^"fe^K*as*>ofc^i:Srtft*Pi-Si, y-K 
ry-feyi#i:^{c^|.gl5^e>A7J$ttfc±{S:T k^ad 

D[16: 10] i ^ yV * y TAGMEMW^ y'T K V* TAGWltlS 
Srff5 0 Cirtf^8(IT Kl/yADD[16:0](d*3V^T, ±{4: 
T Kl/yADD[16:lO]=(0000100), 4»{4T Kl^yADD[9:2] 
= (00000000), T&T Kl/yADD[l:0] = (ll)^A7J$ttfc 

oS9±{iTKi^y(^>'yTKwy)(4" 
4" , ni^hyfi" 0" , mm-fzy-fyjyTYv* 

(4" 3" , f-y*y^^DATA3-C$>5 0 03(a) £*JV^ ^ 
V f. 9 0<D#?7 Kl^yTAG{4" 4" A/J^tufc 
_h&T Kuy©ffii:^LV\ Lfc^oTJt$5E|§CMP{4T 
K l^y-icffi^MATCH^/N^ (d Ky -f y-t"5o ^tr> 
a^yho- yCACHECTL(4, y4b7?±X!%K7\ t U 
y -am ^-match^^/n^ [c Ky -f y* $ ftfc r h *-r 
y is*. K-yb L y y l/x-yj b«i%--?M% 

^WE£W£Ky-ry*-r5o ~^m^xti^± 

y— ^ f4Aai7J/^ y y r 1/0 BUFFER SrilS LTfv^f 
y°l/yy-y-DMUX^A77$tL-5 0 ' ' T'TfiT KU^ADD 
[l:0]{c4o-C^A7Jy-^e{4, 128 tf y b<T>*f—9 

yVHf ^we#j55 d 7 (c K 7 y* $ -fe 1/ y ^ sel(c A7J 
$ix5Wt:\ »f>«A^f-?/U;jSM§ji, 7 
- ^ ^ * y DATAMEM^x- Ztfyj b $tl-5„ r(4 
A7Jy-^ea\ b ]) 0<Df-y°yj >-DATA3^7>T h 
Sil, 7-^iSff^f:©t^-7-f Ify hD3Sri?y 
h-f^o — 1J, ^tr^aa^ho- 7CACHECTLf4^^ 
hff-§-TW^/N^^ Ky-Ty'L, ±{tTKV^ADD[l 
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[0 0 2 8] *fc/<y y KfcTy b&±y h SftTHfc^ 
*§-g\ ^JX-fi^f-SfiT Kl^^ADD[16:0](CioV''T > ±.{tLT 
KUXADD[16: 10] = (0000100), <pjtT K l^y.ADD[9:2]= 
(00000001), Tf&T K^XADD[l:0] = (ll)^A^$^Xfc 
i1--5 0 rcitiy h!) lCQ-^^7-l'>DATA3(i, E|3 

(aHc&^-t^y y K^s-fey h$nxv^^„ ^©^-g- 

t±s<l) y Kfy hV3, y*-y.f tfy hD3Sr-fey h U 0. 
gCAA-r-^e4rf-7"7'l'>'DATA3(C7^ h-f*„ 
[0 0 2 9] &±^7^h7^t^#ti'->'ats/h© 10 

y h<£>i§3\ mm^r— y v'ay^yCACHEMEM 
h$tu5 0 Lf-^oTDRAMT WDRAMARYcD^T 

<D'*>9ttT>( b*/i'WMbtj:?><DX\ ^tiJayFc- 
9MCTL0~MCTL127(CJ; !9i--<XcO/<>-^(7)!) 7Uy>a 
IMfrSrHfTXt 5 0 
(4)y^ hT^t^H^i/a*^ 

ittr 0 &f~Tyi?y^iW^by<D^£y*-x^&-y- 
■7 : 7<<>ftbZ>1l*ni£%ft f ) (S206) o fc Ly*— tV tfy 

/<y y Ktfy V, \fy h&iry h-T3(S207, S 

208) o ^h\cy4 b#&tb<DD-y*y-< >K.o^Xt£7*— 

5{C^LX^r-^5'^=L^^yCACHEMEM^9-l' f- 
■f5o — ^XyT^OOiC&^T, y*— X-f tfy f*#Hr 
y HSttfeU-y^-f ^flqaEi-Sftfofil, ^Oy-y-fi 30 
DRAMTWfDRAMARYtey^ h^y^-fS&H^fcS (S20 
8)0 ^X S '7 c S207(Cii^.[RHt{Cdr^5't/^7-< 

[0 0 3 0] W±cD®jf££H|i, E3$r/fIV*Xiil5|-t-5. 
Jjf^-ry^OeiC&V^, ^— X-Y tfy M*-fey § 

liy4 hTyiry^-ty v-^fc 5/ b t |511ilft<£>X#B&i~ 
So rrt'»7 K^ADD[16:0]{CjoV>T, ±{4T K 
l/*ADD[16:10]=(0001000h <N4T KW* ADD [9: 2] = (00 
000010), Tffir K^XADD[l:0]=(ll)^A^$n, 40 
7 s - y- ^y EDATA [3 1 : 0] P> X- * ei^At) £ ftfc £ -f 
5„ o 1 9 K l^^ (/<y ^ 7 K kx) ft" 8" , ^ 
I'MJtt" 2" , #Mi-4f-^7>r >T Ku^li" 3" , 
f-y"y-r^DATA3Xfe5o 03(a) Xfi, Ti^t^^f© 
^Vhy" 2" Of- y-fi, a, b, c, dT-fcS,, o| 9 

h^y-fey h^tvTV^^T'&So v2©y-y* 
T K U-XTAG(i4X*> 9 , A;*J $*ifc±ttT K t fig 
*5©X*tbftSgCHPf4T KW-^— Sf&^HATCHSrn K 
7^:7*U =3r-t y v-i^V h d — yCACHECTUi^ y i/ 50 
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3.^^«tflJ^i-5o y v/aay hn- yCACH 

ECTUidr-fy^y-f h-Y-^-^uff ^CWESr/N-f (C K 
7^7U ^SR^feA^^^cix-^e^J.V h y2fc>-y- 
M)ATA3fC7-f M"5 0 fctCiJ"?*?^ M)ATA3£M< 
y y Kfy HV3t^-x^ f y hD3£i?y h L, {fc<£>D- 
y*y-OtfV<y y Kfc'y hi^-f-f tfy b&V±y b 

Ky-f :/U ±ffiT Ki^yADD[l6: 10] y" V y TAGM 
EM(cy -Y h-T5„ W±W<t7^»1-5^i:X\ y^ h 
7^tx^t7->^5x^|ct,, Ty-fey^cocn 
y h y ^efifcy'— tfy h^-tr-^ k $tixv^-y-^y 

>-^?£L&tttl(f, h^<yy tcJ;5DRAMTI/-r 
DRAMARYiC*fi-5 T y ir ^ r £ fifcv ^ <> -f 4 

^•fe^XW/^yttT'l' K/WiOt^l/yi'ai 
#*^fTX#, ^Ty-feX^g^^ttSr 
[0 0 3 1] *^y.xyy°S206}CjoV^r, ¥—7-4 tfy 
h^-fe y h $ttfcf-^y-r V^fe5*^(co^TIftPJ1- 
5. 0iJx.tt*H1l|{C, ^fB5TKU^ADD[16:0]^*JV^X, 
±ffiT Kl/y>ADD[16:10] = (0001000), ^{4T Kl^^ADD 
[9: 2] = (00000001), TOLT K^ADD[l:0] = (U)^A^J 
$tl, ^}-$|5y — ^ /^y.EDATA [31 : 0] ^ J 63 7**— ^ e&Atl $ 

8" , ^>hy{±" 1" , #fiB,i--5f-yy^>T Ki/y 
it" 3" , f-yy-YyDATAS-e&Se ^> h y lO? y"T 
K WXTAGtt4Xfc "9 , T K i/y ^-ifc^OT*, + y %/ 
*.^Vb n -yCACHECTLtt^ y*y S{f ■tTWSr/^-^' K 
y-r^'L, ±{4T Kl/^ADD[l6:lO]*^y > V*yTAGMEM 
1-7 -Y h-f5„ 4fc^f-iryi/^y-f h-f^-yVMf ^CW 
ESr^^tc Ky-Y^L, ^g|5^feA7J$^fcy-^e^^ 
V h y l©f-/y-r VDATA3fCy-Y ht5. ^Oit^V 
h y KD-y-^y^Vx-^fiy-'-T 1 ^ t-y h^-feo, 
tifcN, 0, PSr^•^T♦^5cOX, rllf,«f-iS'^y 
y4{cy^ b^yy--tZ>>&mfthZ>o Z.Z.X*}) — KT y 
irydr-t yi/3. ?y i:|Il«{c:^EL/ t e^m(^^?)^v^<D 
Ji, -y-y~y-ryDATA3^ry'i' M^^LTIttb*^ 

* <b 31 Of- ^ ttM^jXfc <0 , y^h^yy-TSr: 
iT'**Of-? Sr5S»LXL*5/5^Xfe5 0 Lfc^ 
-oT^r-r -y^nV hn — yCACHECTLfi, ^^Pf-^ 
f&iJMf -^MDSIG[3:0]^fe (0111) ^rW7J L^tL£,<9 
^cey 3^ ho-yMCTL{CA7J-f--5„ KDi^t, f"7* 
y -Y ^DATASJ^^-Of - ^ 7 h /< y y i" S <t 5 (d^ 

[0 0 3 2] «±«j;5^©J«1-S- iX, Ty-fey^l- 
^(D^-y b y (-y*~-y^ t°y bfr±y b & titers" y J 

>-^#ftL^#^-(C(i, DRAMT l/^f DRAMARYJd y 
yy(cJ;5Tyiry^^-f § o ±M(DWs&\t s 

Ty-feyoft^TV K/W^y7l/yv' i ^ifT 
X§5 0 *fc/^y4toy yuyiy^mmt, ;<>?4ft 
T4 K/^Ht/io«cffx.tfiv\ 'bt>5^y^ h 
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[0 0 3 3] H4, 05£ffl^-C>^y 77-fc*i 

9, 77l?7T—tf 7 ACCESS ARBITER, ^ l» ^r>- 
f-MEMORY SEQUENCER, !)7I/y->a*!)y^ RFCNT, U 
7 1->'>a7 K U-*#!7 T^RFADDCNT, V y 7 10 

f-MUX^^p^$tl-5„ 04<7>fliJ-Cii7- ^ U /<>-7BANK4 

w^^y 3^ h d-7MCTL4^lt&5 0 y-^y/^ 

7BANK 4iin 7 7=J-7*R0WDEC, * 7 A7=> — 7*C0LDE 
C, irV^TVySA, ^/l^T'Vy 7f-MUX, ^?P71/ 
-t*MEMARY/5^*5o ADDLtiT Kl/*7 y^ifeS,, *fc 
B4W (b) «7 7 -fe 7 T— if* ACCESS ARBITEROHJ^K* 

771?7£ y 7W-r^lM^^ 5^7*^- h 

[0 0 3 4] £-f!23, EM^ffl^T, 7-f hT7l?7* 20 
^y^^. ^^SrMt-^-TSo ^S15T K^^ADD[16:0] 
iC&I^T, ±.{tT KW^.ADD[16: 10] = (0001000), 4"{4T 
Kl-^ADD[9:2]=(00000001), TffiT Kl--*ADD[l:OXl 

IVMJIO^^T Kl^^TAGfi4, -y-7 , '7-Y M)ATA2~DA 
TAOcOx-^N, 0, Pfi^'-x^ MH?y h^tvT^ 
^C0T^^ey/<>-^BANK4{c:7-f h^y^-TSi&g^fc 
5» Lfc^oT^y^^BAN^t^LT^y 
h y 7:117 Mf-5§WRQ[4]£vM'f;: K7-f^L7^ 
y7£r^fT-f-5<, T^-feXT—bf* ACCESS ARBITERS 30 
^ey 7 A bV 7^7 hff^-MWRQ[4]^*0-f-5i:, fiblft 
77-fcxy 7^7 h{f-§-EREQ#^nt>(c b'y^y'LX* 
^•y ^^f-MEMORY SEQUENCERfdATJ-f -5, T7-feX 
T— ACCESS ARBITER^ffiM&fA^icpjl^ $ V ^ , 
$Jx.f£IS4(b)£>J; 7 {£2 A^ CONOR, NANDIH^^rfllV^T^ 
5,-e#5o 7-^y -7" >"+)-MEM0RY SEQUENCERii^gflT 
7-fe* y 7^* hff-§-EREQ#tc: i^T^ir^M^SrS^ 
St, ^^yTL-^MEMARY(Di(lff^^-rS^fe(Cnr> 
T Rl'XT. Fn- ^ff^-RAS#, *7A7H>77ha- 
^'{f-^-CASS, /^>7 7-f h-Y^-7>{f-§-BWE#^^^-f- 40 

am 3 >- h n - 7 1 |5]1i(c3§£ttUi* <t ^ r t (iv % 5 4 7? 

7 7 ir 7 7- If;? ACCESS ARBITERS, 77ir7 
-fe U-7" * ft -*§-ASEL£ W K 7 ^ 7 L-^/Uf-yu y 7 f" 
NfUX(CA7J-f 5o v/I/f-7°l/7 7-7MUX}Cj:o 

X^-UKtiT Kl/^l:-fe5ADD[9:2]^^$tL, T 
^7 7^ADDL^S4Ln<7x=>-7"R0WDEC, 7J7A73 
-7'C0LDEC{CA^$tlS„ *fc7^ F/<y^t5f-^ 

Wfff^-MDSIG[3:0]^ffl^T^^y/^>'7BANK4t7-r 50 
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b/<y?£tl& 0 &k±.<D i. ^^y ^>7BANK4(C 

MLTy 7U-7->agt^^< , 7-Y h/<77T7ir^ 

[0 0 3 5] /<V7('*j-t-57-r h^77T7± 

^^itmFtf&t^V =>> hn-7MCTL{CA77$tv-5^ 

7U-yv- 3 .{f-§-RF{iy 7l/y ^^yWoT, — j£ 
«^fe(C^$^«J;^ 0 y 7U'7v-^^7>'^RFCN 
T»y 7^7^^ff^-RF^A73$tt5t, ^7J>7^7 
4rlo-Y>-7y^VhLy7U'7^^y7^7 hff-^-RFR 
Q*^-Y{C K7^7*LT, T7-fe7.T— tf* ACCESS ARBI 
TER(CA7J-t-5o ::Tv^^l^LT7^t7g» 
*< y 7l/yi7^H^£tlW§-S-te, T7-fe7T-f 
7 ACCESS ARBITERfi y 7 l/ y T 7 / y 7 v?fl ^"RFAC 
m%a<7K b'y^zfL, l)yUyiy^.^v>^RFQiT<D 

ftMXv-yf&ioT? y *y hi-^o ^-ft- K7-<t* 

StbTV^cy 7l/7'>^-y 7i7 Mf-5§-RFRQfi, rtitTJ 
7>-^cofjt(*^awy 7lxyi/^#:)^o{c^5ir, n 
7{-^y-h$n5 0 iii-, rt^Tjy^^Offi^O^ 

^, i) y 7 5/ 5 4 b , y 

7 U y i/a * 7 V^RPCNTIi U 7 1/ y y 7^7 Mf 
-tRFRQ^WO^fiWt&L-C, y 7 ^7i/^g*Sr« 

m-fZo y 7 w 7 7^7 RFCNTcoii^;fi#^ps^ 

tJfcl ^\ #iJx.«*H#W6, 028, 804-§-(CffiiJ $tb-£> 

t <d t mmo r 7 7 7 > * v ^T*st-titf 

[0 0 3 6] *^WtC7^ hT7-fe7df^7>-^5^i 

y 7i^7^^^i^NF('@ro7c^-cm0yii-5 o ^^ey 

/■<V7BANK4(;i*f1-5 7-Y h^^77T7-ir7 tl^Hf^y 

7i/7^^'(f^-RF^^Lfc«-g-, ^^-y^-fhy^^ 

7 bit -5§-MWRQ[4] t , y 7 ^ 7 f» y 7 ^7 S{* -§-RFRQ 
^/N-fiC H'7-f ^ $ ttT 7 -fe^T-f'7 ACCESS ARBITER 
t-A7J$tl-5o -cOt^T7-fe7T— f'^ACCESS ARBIT 
Emzi.oX^mry±^mm9 ^-EREQttfin y(c K7-f 
T7ir7-felx7 7ff^-ASEL(±/N-Y(r K7-f^$ 
4fcy 7l/7'7^$fJWf-^RFSIG#i: y7l/- r >^ 
77 7 y 7 -5§-RFACK#fl/^ (C K7-4" T-'^tV^o Lfc 
^oT, 7-f h^7^77t7^I»fil$|i5„ 
y 7 7 fn. T 7 7 y 7 v'ff ^-RFACK#(i/^^ K5 -f ^ 
$tlT^5C07?, rtlc*^^7©fl[i7 7 y *"y b£tl 
-r0[C?j:bfo\ -ftefrlo, y^l/yy-^y 7^7 h{f 

-§-RFRQi4, ^^b'y^y'^ntc^m^mwLx, vy 
[0037] r<D*#yi©y 7i/-7->^stit ^^ey 

/ < ^>'7BANK4^c:*|-t-5^-g^5T7•fe7S*^/ <c v^T'1' 
tfaScDHf^Hfrf-So T7-fr7T-t°*ACCESS ARBITER 
l«7l/5/i/a y 7 317 Mf -^RFRQ^/M- (7):Wi£§: 



(11) 

19 

^&$T?1?7g*{f^EREQ#^M'{c K7-f 7*U 
-e/^yi/i/^f-MUXi- iot y 7Uy$/=.T K^^RFA 

fhft&MftZtlZo $b\CT9-*XT—\£9 ACCESS ARB 
ITERfC iot, D «7 [Z. K 9 >f •? £ tlfc y 7 U y T 7 
/V-y v>{f-S§-RFACK## !)7U5/^*!? >-?RFCNTtcA 
7J$*U y 7Uyi/'a#7>'*RFCNT<Afg£x7 y >V 
hi"5Ci:-cy 7U 5 'i/a|?^Tt5„ 10 
[0 0 3 8] &<±.<D£.5i£mMi-?>z.l:X\ yyisyi" 

^0#o±vv*y#s?m-t-#5o 

[0 0 3 9] *fc#£*0!l£:fctt3ittt7>i' hT7i?7 
^r-y j/ 5 7<7>:!§-g-cDT7i?7/^ — >-^05(^^-f 

[0 0 4 0] *Wn<D-$mm<D£.0\C*\yi/*.y4 s y 

fc-y-r/^Wbu -t^vetu-^y 2/ Ktry bt^-T 

a. 5:7B#(c<y y Kf y h&t^MfcLT^yi'.a.^ 20 

T<^5„ r©i#T^-fe^>^0^^ h y {Cfi^>-74 

(DX\ 7-i hT^t^^fty^ ^ 7>i&5o bfc^o 
T^>-^4^(i7-Y h/<y*T**:*jW8£U MWRQ[4] 
(c K7-f T^tl;*^ ay hn- 7MCTL4(CA7J 
&*l5 0 a^h* — 7MCTL4J4, 9-f h^y7T 

aftfettSSW 5*k y ^ U y y * 317 hff^-RFRQIi 

h y-(D7-T hT7-fe7«£Lrt£1-3 0 CKDi^T 
^-fe^xtijcD^y h y 7 
•Ytfy MHry b<Dtf:mX'tflEtZ><DX\ 'MBLXy-^ 

M$}fc-f5<DX\ &Mr<>X^tz.s<yy-lfrb<D7^y 
^mtt&mk LJfcV\, Lfc/J5oT, mz&tfZyJ b 40 

rm^yi'a $*b#k:{±, ^^y '^7bank4^ 

y-±*(Dt£\,^74 KA^MftijfciJ, ^Wr^lP 
SNBfcfc*. 5 7^yS/a»ftE**HfT5*t*©-C, 97 
k?'/a7# -/ y y vHf ^RFACKMi o >7 {C K7^ 7* $ 
tW y 7l/->^=L7J7^^RFCNTOF^ji*'7y^^7 :i ^ 
y ^ y b ZtlX V7Vy fx. y 7^7 biW ^"RFRQ^^y 

[0 0 4 1] Si±<D® i mfrb#1)>Z>bi3<9, *MMM<D 

£yt£ffii&%t&ztx\ vyyyis^mmz-k^xtb 50 
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gpr 7 ± y- &MM £ ft5 r t <Df£\, Mfcv *JB#© i v * * 
y^H^-Ct^o *fcy-KT*-fc*, 7^ hT?1r7 

%ly-Uyy-ftXnnirZ>ZkX\ * * y 

e> — jRttfcSRAM© J: 5 icr r. t &X t 

[0 0 4 2] *HJS^J{-J;*ttf, ^5te<D#jfeT*tt 

y 7U'yv'3lii!iSt#^ofc > ^'y^a?^ 

/>l:ro/N- K "7 * roaUSBT? !I7Wj» ^a-Kif^SriaiR-t- 
%c\b&X%Z> 0 ^-vy^^7-r^^5>S>IL 

f y NSrigia-t--5w^-T'Av\ Sfc r O^DRAMgfi^coy 

[0 04 3] «±w*^ii^J(-J:5t, 7*-^SR*S1i« 
0Of-7*7^>-DATA3~DATA04rWt, ^Cif-7'7 
M)ATA3~DATA0<D^;ft,mfcM/£'f §y<y y Kfy h 
V3~V0£^-tV hD3~D0*#-t5ii^i-f 5Ct 
fcj; 9 *c\yi/x. x Mc£oXTy-±7.&m&.1-?);<y 
y-!Zkfb(D;<yy-^ Q'^yV <D* * y 3 >• h o— 7f y 

-x^ tfy hofcli, ^fco-y-7*9-f y©S:i:NCti- 
sri, *fctt, gCr — cor - ^ *I*A, -y-7* 

V7yy^^mftb/<>y-^<D77±xmMi!)*m&f 

i£%±Ltcm&\z\*ft&7y-izx&&ftmz.®mL > y 

7Uy'7aS#li^y?K;7n^iWil 1 7'f hVW 

ttffitc * o tcm^mni- 5 «t 9 * ^ y 3 y n - 7 -e 

Mm-TZZtX. 9b$H7y-±xtfVvUyi/3L®mcl: 

oxmmzti5z.k<Df£\,^m\,*ffi^<D£\,^*v &m$L 
[0044] nmmizm^zMcfcmmwisXZ 
ji«iu*v^H-c*s^©^Hj5SBrig-efc-5 0 Mx.^, ib 

ANK^-CO^^ y is * =Z y CO0!|7?^ Lfcri^ ^©«»tt 
WJCR*S*l4V\ lBANK«±(D^i;-t*#J^$ttT t <t 

v\ *fc^^y^a.y^-y<D7-i'yy--rx, ^^hyf: 

ASpTUB-efcSo DRAMTl/-fDRAMARY«D«^t># 
{CPI^L^V\ Sfc^r^ yv-a-^^E-yCACHEMEM^^^y 

V^fcSRAM^^y-tr/K 4fcii4o© h 7 ^ '^7^ U< 
11600 h^Vv'^^^fflV^fcCMOS SRAMp« * y -fe/WT? 
t)±V\ *7tDRAMTl/-l'DRAMARY(Dy ; eyir/WtiI#ic:i51 
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y^^-y-tr/K 3 by ^yyS^y-ir/p-efc 
[0 0 4 5] ifer^y y— v"a ytiotit fl-g|5T 

«^y^iIfflT*t5^if2^y£t:'k&i\ 
<^it^i2>E16(i, *»B^<7>RFDRAM(i*Jtt502<7)||JS 

it. ^S&T*— yV<*EDATA[127:0] blftM?-* '<*Dall 
27:0], Db[127:0]^LV^i:-e*>So ot <9 , DRAMT^ 
l~f DRAMARYgL^jJ^tl 5 7*--* ^^yi/^'y'^ 
i^^^St/^l^^-/J"^DAfATf27 :. 0] Of- * 

^^il TAGMEM^r«^-r S/< y y K f y h £ y*-x ^ tf 
y Nil try N-fot-iv^ *fc7*— y-tfao*/HMft 
ri^iry^yVVOf— y"4g£^L< t£5<DX\ *\ 20 
y ^y ~-*«|#Pfl| ^CDSIG[3:0] % y- * y f-^ftJWf 
^•MDSIG [3 : 0] t5„ * fc-^/Uy 7° 1/ y y -yMUX 

K-XlrfhT* — ^-feW^ Ms -^DSELOftb <9 i-, TKV 

[0046] ^(CH»J2(C*5{t 5 * =e y ftflsfcRifli- 

Ls mftty-KT^-fe^^^y-Xi^^i:, y^ h 
ry^df^y^a^trffciE-r-So 
[004 7] y-KTy-fe^=¥-ry^a5^^g|5A*T 
FUX<D±.GLT KW*ADD[ 16:10] T?±Xttgl<D? 30 
y*T K vxTMmVLiimtt o fc*-£\ t L < li/< V y K 
t'y h^y-fey hSifcTVXfcil^ttsfr+s'S'a.si'hn 
-yCACHECTL^^r^yv'^ $*fc*US1-5. ^ iT% T 
y-k^*f*03i^ h y (nff—^j t-y h^y-fery 
TV^H^-li, DRAMTWDRAMARY^ try — KT^ 
ir * SrUtT LTSfMof £^£|5y-yv<;*EDATA[12 
7:0]mtU*i"5 o *fcTy-fe^M*©^^hy tSL 

[0 0 4 8] &{£y*— tV tfy h as* y h £*tTl^5» 
£fi, T~?<D-Wi'mm<Dtztb74 h^y^if^ff 40 
5o $?>iCDRAMT WDRAMARYlC^tLTy— KTy-fe^ 
SrUffU BrS^?*— **ttt*JU Jf)l^©f-^j; 

[0 0 4 9] £t±©»ftE*«y— KT^-fe^^^y^a. 5 
*-C*>3„ ^tr^^ y^t7*7^ 

Wt£tiTWj^<£>T\ tV h^y^i-^t^r-f yi/3. 
7 -f >-y- * SrWJWI-S&Sfifcv \, 7iyft 
>-y-Y h©PP^t>s 7iyft'<t^r^7^>'f 
- y- * W»J-f 5 &£f±ftv \, * y - KT y -fc y. * y 
v-a. ^fd&^T, y — h*Ty-±xft&<D/<y? 7 50 
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-f h^yy^XfcS^vyJEt^O-t-^Tco^Vyfi, 
7y-fc*<Oft^?V K/^li&©T?y 
HtTT-#5„ fc^^ft^o^Tylryi:, !)7i/ 
y^tM^lfPt«S±LfcJ§3-«:, 04(c^Lfccfc 5 

ftttHZttM U y 7 1/ y S/aftf^^HfTi-tltfJ; 

[0 0 5 0] y-Y FTy-fey^^y v-^ 5 XJt^lgCMP 
(CfcV^T±{iT K l^^ADD[16: 10] t 9 y*T Kl^TAGCD 

Jf-^y s;y testis. rrt*7^t^t©i 

^j-oRATjx— 9 £7*— y ^ ^E- y DATAMEMic 7^ '< 
y y Klf y bteZW-Tsf ff y h^-fey h1"5 0 
y y yf- y H^x — ^ Sl®t'J#t"?fe -5 <D 
X\ *\ y v-a. 5^^dDRAMT WDRAMARY^bO^j: 
y^>y-Y hf±*5«j{cvx 0 UfcjJSoTy'— fy h 

[0 0 5 1] WC7^t^^|t©/-7^ tfy h^-fery 
N f - ^ $^lTV^ §©T*f- 

^-Ktotifcofcfetcyxf h/<yy-t-5i^g^fc5„ r 
©t^^fty^^yhp — ^CACHECTLfi^gPATjf— 
^ ^TX— DATAMEMfd y -Y hU /<y y KtTy h 
*Ji05y*— 7V If y h^-fey M"5 0 «y-y^<XED 
ATA[127 : 0] t * ■¥ y 7 -f SOyf— 9 LV 
t?, DRAMT WWiAMARY^feoy — ±0^7^ y x^" 
>-7-T L-fc^o-C7-l' h^yy^^i- 

5/^y»^©^>yfi, Ty-fe^o^v^T-i' K/u^ffi 
fc^Sco-ey 7Uyi/^«i{^||fTT^5 (> Sfcy^f h 

(c y 7 v y s/a. WifcZffx. ti <fc v > r t m > 5 * t? * 

V\ $fe(cy 7!/yv'^fiif^i:y-1' h/<y^7^t^^ 
h n - y ^-fflv %3 - t -e^-gPT y ± * ZmfttfH'tikM 

[0052] Kio^^fe^say, *mmmi?-& 

v^Tii, y-f bTy -fry ^^yi/ 3. ?; yHffcDRAMTi--r 
DRAMARY^£.7iyx^-^y-f hCDfcfe© y - KTyir 
*fii&g&V\, Lfc^oTDRAMTl/-YDRAMARY}C*5V^ 

l^-/^>y--<Dig^Ty-fe^^[H]ii$^So ioT 
#»6W-&^-m, fc5-o<75/^y^*i-LT^-fT 

K^^^^U9SOT\ y 7 l/y->a ijff^^ff 

^Ty-iry^as^tt^^t©^^^^^© 

£\<^*vi>mm.x%%„ 

[0053] -atz, ^mmmicktut, «ico^*y^ 

yttDf-tm. *^v*s^y4v<T)^~9WbX!-K% 



(13) 

23 

t\ mMfc v y v v &mM Ltzt^v ftmmxz 

[ 0 0 5 4 J a±O^0ijTii^ n y y CLK^T K 
* Nn-^ff^-ADSft, 7 4 h^^-^H&^WE#*©IW 

5 fcjg^f {c A7j1-ftfcf £ v ^ £ f±v> 5 * T? t. ftv \, %<d 

ft, &mffliBf§r<Df'f SVy^^-y =iy ho-yMCTL 
tHJS^Jl £ ISiaSKUBIff-f-S i £ T\ @5go i 5 ftttffci* 

AMTl-^DRAMARY©**^ /<V^»fc*Hlt«©«iac 
{CK€*ih/5fc<0-ett*V\ <HJfe0ij3>ia7{± > jf-Wft 
(DRFDRAM{C*3tt5^3(O^Ji^!|T*fc-5 0 £*0!|l*S.fctf2l 
Jfe#!|2 £ ©i&itl^fl, ^■■Yy^zL^^rV CACHEMEMtf^ 
$CCDyyV^yTAGMEMa.S:0\ yyV^yTAGMEMb £ , 
1f$CC0y- ^ ^ * y DATAMEMa&0\ y ~ y ^ * <J DATAME 

mJffebLX±y hrys/Ty-f ^*5ft*fflV^-C43 9, 20 

y7r WBUFFER, y^f h>^y y/^y TrWBB,, fcyhy^ 
-Y fll#HITWAY, I? * * 1/ y * ft -i-WAYSEL, 7 >f h y y* 
T K^/<^ffTADD^B*fte>^TV^5„ 
[0 0 5 5] ^t-y->3.7^^t7*7^yftt 

0], U 7 :: '-^ilJWf•^MDSIG[3:0]^^g/ t^ v^(7)(i > 
HJE0ij2i:l^«T?fc5o <7—9mWD1t*><D*9 
y K tf y h £ y*— x -i t* yMl^f; 7 W 

[o o 5 6 j *mmm<Dm*tf)t£mmz, mmmwx 

[0 0 5 7] hT*-fc;**iry^»5*#!a60!|-e 
f±, CACHEMEMiilgi:^ £ m -T 6 ft 

y yV ^ y TAGMEMa £ X— y / * V DATAMEMa^^ <b m& § 
tl> y^bfiyy'^y TAGMEMb £ y - y ^ * y DATAME 

<5„ 0-SlST KU-^^<^EADDR[16:0]t5^T KUX^ATJ 
Six, &m£tltc^>-h})<D?yT KU*£Jfc$§gCMP 

I'^iS-SLt*^, T Kl^X-ifcff-f-MATCHa, fcL< 
J4T K — &ft ^-MATCHbSr/N-Y (;K7^7*L*t'7-> 
hn- 7 CACHECTL(CA^-t-^> 0 ^Ttl 

tot** 5 rcom^ if 

% e> y * -r 57-?* g&i- 5 & b # *> s 50 
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^©T^=fpXAi:ii tfiJxJiLRU (Least Recently 
Used) T/U=f" y SrMffli-^btf J: k \ 
[0 0 5 8] gMtt%.£t£<>1t*cWSx-y'{ ^<D?~ 
7V t'7 h#-fcy hSfvc^fcv fl-gPA^Jy*- 

DRAMT WDRAMARY/!)^ y — K Ufcy — * 

XJif—ZbthK-yJ h/<yyriBUFFER(v:A73-t 

5„ ^E-Y = > he- yCACHECTU4!>i-l'-feU'^^ 

ff^-WAYSELi U-C^*-fa^*#«|*.»*-e*)5^fcSr 
0" Srtti^L, tuttsmcAjrfZ. ^©J: 
5 (-©Jl^-r S ^tX\ 7 4 Y y< y 7 7 WBUFFER(CA7J $ 
MzWrU A73y — 9 b DRAMT DRAMARY^^ & y 1 y ^ 
r-^H, iruy *SEL£S£& LT^-faJcA^Stk 
Sfao^-Yy^ay-O-lciy^ h*tu5„ *fc*+y-> 

CACHECTLtt Z^y-i V \t ^"TWa Sr ^ }C 
Ky^y'L-C, ±{4T KU-^ADD[16:lO]*^^^-yTA 
GMEMa(Cy-f h-fS,, 
[0 0 5 9] ^iCg^^t^ofc3:^hyc0^-y>f 

\fy v h $tt-cv^5^-a•^4, Huta^ h y 07- 

=fy Fn- yCACHECTUi^i-l'aOD^rY S'i/a^yf 
— ^Srx-^^^yDATAMEMa^b y- KLT, 7-f 
y^^yyyWBB(CA^-f-So * 
ofc/<Vy T Kl^^tt> y-T h^^'T KW^/^WTADD 
?rS*b, /^^73- ^BANKDECtCA^^tL, /^V^ 
T K^^73- K$tv5„ y^T h^yy^?/yrWBB 
Ji-ftW h^WAYSELOy^-fa^g^^x. 
^Jfe-CifeSdiSr*-*-" 0" /JSA^Stu y-^^*y 
DATAMEMa^) 1 £. COy — d> ft , DRAMT WDRAMARY^y^ h 
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